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Fig. 2. Verlauf des aH-Markierungsindex im Granulationsgewebe der 
Rattenmilz nach Kryonekrose in Abhfingigkeit yon der p.op. Ver- 
suehszeit. 
E b e n s o  wie an  den  b i s lang  u n t e r s u c h t e n  p a r e n c h y m a -  
t6sen  O r g a n e n  f i ih r t  eine lokale Gewebsve re i sung  a n  der  
Milz zu e iner  i r revers ib len  Zel lschgdigung.  Diese Kryone -  
krose  he i l t  auch  in der  Milz sehr  rasct l  n a r b i g  aus. Der  
W u n d h e i l u n g s a b l a u f  u n t e r s t r e i c h t  somit ,  dass  dieses 
schonende  ope ra t ive  V e r f a h r e n  4 a u c h  a n  der  Milz m6gl ich  
ist. 
Summary. The  a u t o r a d i o g r a p h i c  s tud ies  on spleen of 
r a t s  show - c o m p a r e d  w i t h  resu l t s  a f te r  c ryosurge ry  Oil 
l iver  and  k i d n e y  of r a t s  - t h a t  local  deep t i ssue  f reezing 
induces  i r revers ib le  cell in jur ies ,  b u t  t h e  localized spleen 
f reezing is fol lowed b y  an  excep t iona l ly  fas t  hea l ing  
process.  Af te r  3 weeks, t he re  are no  p ro l i f e ra t ive  mesen-  
c h y m a l  ac t iv i t i es  in t he  g r a n u l a t i o n  t issue.  4 weeks a f t e r  
cryonecrosis ,  on ly  a smal l  scar  can  be  de t ec t ed  on  t h e  
spleen surface.  
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Regenerat ion  f r o m  Short  S t u m p s  of the Rat G a s t r o c n e m i u s  Musc le  1 
In  some species of ve r t eb ra t e s ,  such  as t he  ch icken  2, 
cons iderab le  r egene r a t i ve  o u t g r o w t h  occurs  f rom t h e  
cu t  surface end  of a muscle  s tump ,  o f ten  to t he  e x t e n t  
t h a t  t he  or ig inal  gross con tou r s  of t he  muscle  are a l m o s t  
t o t a l l y  res tored.  O t h e r  species, for  example  t he  frog, are 
able  to  m u s t e r  on ly  a weak  local r egene r a t i ve  response  a t  
t he  cu t  surface of a muscle  s tump ,  a n d  grossly t he  size a n d  
shape  of t h e  muscle  s t u m p  change  b u t  l i t t lea.  LITVEI~ et  
al. ~, work ing  on  severa l  l i m b  muscles  in  t i le ra t ,  r epo r t ed  
t h a t  in  5 2 - 7 7 %  of t he  cases obv ious  e longa t ion  of t he  
muscle  s t u m p s  occur red  a n d  t h a t  of ten  su rp r i s ing ly  n o r m a l  
a p p e a r i n g  muscles  developed.  A m a j o r  un re so lved  ques t ion  
in th i s  work  was w h y  'o rganic '  r egene r a t i on  of muscles  
f rom t h e  s t u m p  occur red  in m a n y  cases, b u t  no t  in  others .  
Af te r  3 r epe t i t i ons  of t h e  e x p e r i m e n t  of LITVER et  al. ~ on  
t h e  ga s t rocnemius  muscle  of t he  ra t ,  t h e  answer  to  t h i s  
ques t ion  b e c a m e  a p p a r e n t .  
Methods. I n  22 cases all of the  g a s t r o c n e m i u s  a n d  
p l a n t a r i s  muscles  excep t  for a 3-5 m m  p r o x i m a l  s t u m p  
was excised in 60-100 g male  W i s t a r  rats .  D u r i n g  t he  
opera t ion ,  t i le r a t s  were anes t he t i z ed  wi t t l  sod ium 
p e n t o b a r b i t a l .  The  biceps  femoris  muscle  a n d  t he  skin  were 
su tu r ed  over  t he  n e a r l y  e m p t y  bed  of t he  muscle.  The  
muscles  were e x a m i n e d  grossly a t  per iods  of 36-55 days  
a f t e r  t he  in i t ia l  excis ion opera t ion .  
Results. I n  13 cases (61.8%) cons iderab le  e longa t ion  
of t he  muscle  s t u m p  h a d  occurred.  The  f inal  l eng ths  of t he  
r egene ra t ed  musc les  r anged  f rom 10-26 ram.  The  9 
r e m a i n i n g  muscle  s t u m p s  (38.2%) d e m o n s t r a t e d  e i the r  
m i n i m a l  e longa t ion  ( <  2 ram) or s l ight  regress ion in 
length .  
E l o n g a t i o n  of t he  muscle  s t u m p  was cor re la ted  w i t h  
t he  successful r eg ene r a t i on  of a func t iona l  Achil les 
t e n d o n  whereas  non-e longa t ion  was n o r m a l l y  assoc ia ted  
w i t h  unsuccessful  r egene ra t i on  of t h e  Achil les  t endon .  
In  all  13 cases of e longa t ion  t he  Achil les t e n d o n  h a d  
r egene ra t ed  p r o x i m a d  a n d  h a d  re -es tab l i shed  a good 
connec t ion  w i t h  t he  d i s ta l  p a r t  of t h e  muscle  s tump .  I t  
was somet imes  necessa ry  for t h e  r egene ra t i ng  t e n d o n  to  
br idge  a gap of 20-30 m m  in order  to  m a k e  c o n t a c t  w i t h  
t he  muscle.  A l t h o u g h  t he  mass  of f u n c t i o n a l  muscle  
t i ssue  in these  r egenera tes  was  a lways  cons ide rab ly  less 
t h a n  normal ,  never the les s  t h e  degree of r e s t o r a t i on  of 
n o r m a l  form in these  regenera tes  was  of ten  r e m a r k a b l e  
(Figure 1). 
Seven  of t he  9 non -e longa t i ng  muscle  s t u m p s  were 
b o u n d  down  to t he  u n d e r l y i n g  connec t ive  t issue, and  
the i r  size and  a p p e a r a n c e  was l i t t l e  changed  f rom t h a t  a t  
t he  or ig inal  ope ra t i on  (Figure  2). I n  these  cases t he  
r egene ra t i ng  Achil les  t e n d o n  h a d  no t  e x t e n d e d  as far  as 
t he  muscle  s t u m p  b u t  had,  itself, become  a t t a c h e d  to t he  
u n d e r l y i n g  t issues.  Two non -e longa t i ng  muscle  s t u m p s  
were d i rec t ly  a t t a c h e d  to r egene ra t ed  t endons .  P resen t ly ,  
no  def in i t ive  e x p l a n a t i o n  can  be  offered for t h e i r  regenera-  
t ive  quiescence.  
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Fig. 1. Fifty five-day gastrocnemius regenerate which had arisen 
from 3M mm proximal stumps. The muscular part of this regenerate 
is 14 mm long. The distal 2/s of the regenerate is composed of connec- 
tive tissue. 
Fig. 2. Fifty five-day gastrocnemius regeaerate which had arisen 
from 3-4 mm proximal stumps. In this case connections were not 
established with the stump of the Achilles tendon and the proximal 
stump (arrow) has increased to a length of 5-6 mm and was bom~d 
down to the underlying tissues. 
Discussion. This expe r imen t  demons t r a t e s  the  impor-  
tance  of funct ional  t endon  connect ions  as a de te rmin ing  
factor  in t he  success or failure of a t t e m p t s  to man ipu la t e  
regenera t ing  skeletal  muscle.  The necess i ty  of tens ion  or 
t endon  connect ions  for t he  e longat ion of regenera t ing  
minced muscles has been  d e m o n s t r a t e d  by  RUMYANTSEVA 5 
and by  CARLSON 3, ~ W h y  e longat ion of t he  muscle s t u m p  
failed to  occur in two regenera tes  which h a d  made  
connect ions  w i th  t he  new Achilles t e n d o n  is unclear  
unless t he  regenera ted  t endons  were so bound  down by  
adhes ions  t h a t  t h e y  could no t  exer t  effective tensi le  
forces. 
The overall  form of e longat ing s t u m p  regenera tes  was 
r emarkab ly  similar  to t h a t  of the  normal  gas t rocnemius  
muscle. Because of the  good res to ra t ion  of form, th is  t ype  
of regenera t ion  has been  called organ regenerat ion,  and 
some au thors  a, ~ have  m a d e  a d i s t inc t ion  be tween  i t  and  
the  t issue regenera t ion  of muscle.  Histological ly there  is 
no difference be tween  the  regenera t ion  of mi ldly  injured 
muscle  and t h a t  in e longat ing s t umps  of ent i re  muscle,  
and  to th is  au thor  the  pu t a t i ve  differences appear  to  be 
more  a m a t t e r  of degree t h a n  of kind. 
Zusammen[assung. Nachweis  der  Regenera t ion  eines 
neuen Muskels nach  E n t f e r n u n g  des ganzen Gast rocne-  
mius-Muskels  der  R a t t e  bis auf  einen 3-4 m m  tangen 
Stumpf .  Nur  bei  v o r h a n d e n e r  Verb indung  zwischen der  
regener ierenden Achi l les-Sehne und  dem prox imalen  
Muske ls tumpf  k o m m t  es zu b e d e u t e n d e r  Verlhmgerung 
des p rox ima len  Res ts  des Muskels. 
B. M. CARLSON 
University of Michigan Medical School, 
Department o/Anatomy, Ann  A~bor 
(Michigan 48104, USA), 
30 August 197S 
5 O. N. RUMYANTSEVA, Dokl. Akad. Nauk SSSR 725, 435 (1959). 
6 B. M. CARLSON, ill Research in Muscle Development and the Muscle 
Spindle (Eds. BANKER, PRZYBYLSKI, VAN D]ER MEULEN and V~C- 
TOR; Exeerpta Mediea, Amsterdam 1972), p. 3. 
7 L. D. LIOSNER, Changes o] Tissues and Regeneration o] Organs 
(Izdatel. Znanie, Moscow 1970), ill Russian. 
